A novel library of amino-substituted 2-pyridones has been constructed through a two-step sequence of microwave-promoted Buchwald-Hartwig amination of 2-benzyloxy halopyridines followed by debenzylation. Microwave-promoted amination of 3-or 4-halopyridine in the presence of a suitable palladium catalyst and ligand system provided amino-substituted 2-benzyloxypyridines in excellent yields. Then, debenzylation of 2-benzyloxypyridines afforded the corresponding 2-pyridones with high efficiency.
Introduction
The 2-pyridone moiety frequently found in a variety of interesting compounds has received remarkable attention due to its promising features as a key scaffold and in privileged building blocks. 1 A wide range of biological activities has been observed in compounds possessing a 2-pyridone motif which includes antitumor, 2 antifungal, 3 antibacterial, 4 anti-inflammatory, 5 antiviral (e.g., 1 and 2), 6 and antithrombotic (e.g., 3) 7 properties. In particular, the 3-amino-2-pyridone template has been considered as a peptidomimetic system which mimics the hydrogen-bonding interactions compared with the backbone of peptide inhibitors ( Figure 1 ). 8 Although many synthetic methods for the preparation of aminopyridine derivatives have been reported, there are few simple methods for the preparation of amino-substituted 2-pyridones from available halopyridines. 5, 9, 10 In recent studies, we have demonstrated that palladium-catalyzed amination of 5-or 6-bromo-2-benzyloxypyridines under microwave irradiation readily provides the corresponding 5-or 6-aminosubstituted 2-benzyloxypyridines, which can be transformed to amino-substituted 2-pyridones via hydrogenolysis of the benzyl ether group. 11 This microwave-promoted amination reaction allowed for a rapid and efficient preparation of amino-substituted 2-pyridones in excellent yields. 12, 13 In this paper, we wish to expand the scope of our method for the synthesis of a series of 3-or 4-amino-substituted 2-pyridones.
Results and Discussion
The 2-benzyloxypyridines (5 and 7) were easily prepared by nucleophilic aromatic substitution reaction of the corresponding 2-chloropyridines. 14 Thus, treatment of commercially available 3-bromo-2-chloropyridine (4) or 2,4-dichloropyridine (6) with benzyl alcohol in the presence of sodium hydride provided 2-benzyloxy-3-bromopyridine (5) or 2-benzyloxy-4-chloropyridine (7), respectively, in high yield (Scheme 1).
With 2-benzyloxy-3-bromopyridine (5) in hand, we first attempted microwave-promoted palladium-catalyzed amination with morpholine employing conditions previously developed in our laboratory (Pd 2 (dba) 3 , (±)-2,2'-bis(diphenylphosphino)-1,1'-binaphthyl (BINAP), NaOt-Bu, and toluene).
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As illustrated in Table 1 , reaction of bromopyridine 5 with morpholine proceeded smoothly to provide the corresponding aminopyridine 8a in 83% yield (entry 1). In order to figure out thermal effects of microwave heating compared to conventional heating, we ran the identical reaction using conventional oil bath at 120 °C for 22 h and obtained the coupling product 8a in lower yield. Next, debenzylation of 8a using Pd-catalyzed hydrogenolysis gave the desired aminopyridone 9a in excellent yield. Formation of 2-pyridone 9a was confirmed by 1 H NMR analysis based upon the appearance of an amide proton at the far downfield region (δ 11.93 ppm). 10 We then applied the above protocol to the amination reactions with various other amines. In the case of cyclic secondary amines, amino-substituted pyridines 8a-f were obtained in excellent isolated yields (entries 1-6). Coupling reactions with aromatic amines as well as aliphatic amine also proceeded quite smoothly to provide aminopyridine 8g-j in good yields (entries 7-10). Finally, catalytic debenzylations of 2-benzyloxypyridines 8a-j provided the corresponding 2-pyridones 9a-j in high yield (Table 1) .
We next examined the coupling reactions of less reactive chloropyridine with various amines to probe the reaction scope (Table 2) . However, the amination reactions of 2-benzyloxy-4-chloropyridine 7 using BINAP/Pd 2 (dba) 3 catalytic system were not effective even at elevated temperature (150 °C). For example, the coupling reaction with morpholine afforded the corresponding aminopyridine only in 18% yield, along with large amounts of recovered starting material (entry 1). The use of DavePhos ligand 12 greatly improved the reaction yields (entry 1). 15 However, the coupling reaction under conventional oil bath heating resulted in lower yield. Under these conditions, the coupling reactions with cyclic amines as well as primary and secondary anilines were rapidly completed within 10 min in good yields (entries 1-9). The reaction with primary alkyl amine resulted in slightly lower yield (entry 10). As expected, catalytic debenzylations of 2-benzyloxypyridines 10a-j provided the corresponding 2-pyridones 11a-j in high yields ( Table 2 ).
Conclusion
We have successfully developed a simple and rapid synthetic protocol for amino-substituted 2-pyridones using microwave-promoted palladium-catalyzed amination of 2-benzyloxy halopyridines, followed by debenzylation. Although the more reactive DavePhos ligand 12 and higher reaction temperature are necessary for amination of 4-chloropyridine, amination with a variety of amines was highly effective. This two-step sequence can be further utilized for the efficient construction of amino-substituted 2-pyridone compounds of biological interests.
Experimental Section
Typical procedure for Pd-catalyzed amination. All reactions were conducted by using Biotage Initiator EXP™ microwave reactor. To a thick-well borosilicate glass vial (5 mL) was added bromopyridine (1 mmol), Pd 2 (dba) 3 (1 mol% of Pd), BINAP (1.5 mol%) or DavePhos 12 (1.5 mol%), amine (1.2 mmol), and NaOt-Bu (1.4 mmol) sequentially. The mixture was suspended in toluene (3 mL) and degassed with argon over 5 min. Then, the reaction vial was sealed and placed in the microwave reactor and irradiated at 120 °C or at 150 °C for 10 min. After being cooled to rt, the mixture was diluted with EtOAc and filtered through a short Celite pad. The solution was concentrated in vacuo and the residue was purified by silica gel flash column chromatography with EtOAc/hexanes as eluents. Typical procedure for hydrogenolysis. A solution of 2-benzyloxypyridine in MeOH/EtOAc (2 mL/1 mL) was treated with 10% Pd/C (10 wt%) and hydrogenolysis was carried out on a Parr apparatus at 30-40 psi of hydrogen for 2 h. The reaction mixture was filtered through a short Celite pad, rinsed with EtOAc, and then concentrated in vacuo to provide 2-pyridone. 
